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1. PURPOSK

The purpose of this project is threefald:

1. To study snd investigate methods and techniques for measuring the
equivalent electrical parameters of quartz crystal units in the frequency
range of 150 to 200 mc/s, including:

(a) A mean3 for directly measuring the poser drive of & crystal

unit,

(b) A simple and practical mesns of csincelling the capicitance of

the crystal unit, CO, at the test frequency, and
(e¢) A means of measuring the effective resistance of the crystal
unit at the series resonant condition.

2, To accuzulate data from the investigations of 1. above, vith a view
of utilizing the information for the development of a practical test maethod
for the frequency range 150 to 300 me/s which will make it possible to:

(a) Subject the crystal to any selected drive level between the
1imits of 0.2 and 4.0 milliwvatts,

{b) Measure crystal resistance values between the limits of 20 and
200 obms,

{c) Attatn an accuracy of resisinnce measurement of 35 ohns or 310
per cent, whichever 1is greater, and

(d) Attain an accurscy of resonant frequency determination within
10.001 per cent of the series resonant frequency of the crystal
unit,

3. To study and investigate means for estabiishing & laboratory measuring
technique to be used as a standard for measuring the equivilent electrical pa-

rameters of quartz crystal units in the frequency range of 100 to 300 ne/sec,
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II. ABSTRACT

Further investigations of the calibration of various commercially svail-
sble insiruments for use with the Laboratory Standard Crystal Messurements
System were conducted., Kone of the particular irstruments which were investi-
gated were sufficiently sccuraté for one percent overall accuracy.

A developmental system was used to obtain several admittance circle dia-
grams for each of 15 high frequency crystals cver the frequency rung‘e frem 1450
to 455 mc/sec, The data were compsred vith measurements from other sources.

Initial investigations of the equivalent circuits or high frequency cry-
stals based on the data from the Measurements Standard indicated that the pre-
sently used equivalent circuit.does not entirely sccount for the crystal's be-
havior. This investigation did not progress sufficlently to provide definite
conclusions.

~A prototype thermistor-Lridge pover meter for mesliring the r-f power
dissipated in VHF quartz crystals was constructed sand tested. Comparative
measurements indicated the unit to be capatle of reasuring r-f power from 0.5

to 4.0 mv with an accuracy of b 5 percent.

Impedance measurements mace with the Coaxial Crystal Parameter Bridge in -

a passive arrangezcnt Indicated the bridge accuracy to be comperable with that
of other available methods.

An experimental UHF capacitancc bridge oscillator was constructed that
diaplaye.d characteristics suitable for use with the coaxial bridge. Crystal
controlled oscillations as high a8 420 mc/sec were obtained with & modified

version of this oscillator.

Progress Report Mo, 4, Frajoct No. A-2]1

IIT. CONFERENCES AND PURLICATIONS

Mr. W. B, Wrigley, Mr. D, W. Robertson and Mr, S, W, Witt, Jr. attended
a conference At USASEL on March 18, 1957. The technical status of this project
and the future courses of action were discussed. The immediate objectives as
outlined under Chapter VI, "Program for Next Quarter," vere agreed upon.

A peper entitled "Quartz Crystals Above 200 Megacv-~'es" was presented by
M=, 8, K. Witt, Jr. at the Atlanta Section meeting of the Institute of Radio
Engincers on April 26, 1957. A paper entitled "Crystal Measuring Techniques
Above 200 Mc/mec” was presented by Mr. S. N, Witt, Jr. at the Slaventh Annual

Frequency Control Symposium held in Asbury Park, New Jersey, on May 9, 1957.
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IV, INTRODUCTION
This report actually covers an extended period of reduced activity for
the 4-1/2-month period from 15 January 1957 to 1 June 1957, This extension,
requested by USASEL, resulted from administrative delays in negutiltix’:g L3
12-mcrth extension of the present contract. It is expected that support for

full effort will again be applied in July 1957.

i LI VORI

Progress Report No, k, Project No. A-272

V. EXPERIMENTAL WORK ARD CIRCUIT STUDIES

A._Crystal Measurements Standard

1. Introduction

During this period, only & portion of the phascs of development of
the Crystal Measurements Standard were continued. The nu‘bsecticm\prcvioutly
titled "Stable Signal Generators," "Power Keasurerents,” and "Detector Systems”
are not included in this report since data previously reported indicated that
the signal generator presently in use wa= estisfactory for irmediate project
needs and sincz further advancement in the study of pover measurements and
detector systems will require tae purchase of varioue 232itional pleces of com-
mercial equipment.

I‘rinci}_:ll efforts vere directed toward investigstions of calibration se-
curacies of various devicese in cwrent use. This study vas greatly facilitated
by the use of a large scale digital ccmputér. The conclusion from this study
is that the impedance and sdmittance bridges ir current use do not provide suf-
ficient accuracy to fulfill the purpose of the project. This, however, does
not necessarily iniply that the typcs of instruments involved are not satis-
factory since the particular instruments which were used had been subjected
to mistreatments of various kinds. Conclusions as to the potential accuracy
of each instrument must await the purchese of new equipment.,

Many crystal measurement Tuns were made on newly arrived crystals. Soae
of these metsurazents were compared with measurements obtained “rom cther
instruments. These measurements are, of course, subject to the calibration

errcrs of the instruments used.
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Some theoretical studies vere made concerning the npprcprilie choice of
equivalent electrical circuite for quartz crystals. These studies made use of
laborstory measurements on various high frequency crystals. They were con-
ducted primarily to determine the ability of the present measurements systen
to provide useful infcrmation about the quartz crystals,

2. Impedance Calibrations

Efforts to establish the sources and magnitudes of instrument errors
were continued. In particular, large amounts of data were obtained on the
Hewlett-Packard Model 803A VEF Bridge and the General Radio Type 1602-B Adrit-
tance Meter. These data consist of measurements mede on nger;l Radio 50-,
100-, and 200-ohm ter;ninst.ions vhich are assumea to be accurate ic within one
percent for impedance magnitude. Comparisons were made on the assumption that
the impedance values of these terminations are exact.

°
A typical measuremsal Setup 1s shown in Figure 1. The frequency calibration

TERMI
NATION

Figure 1. Impedance Calibration Measurement Setup.

Declassified in Part - Sanitized C
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of. the Signal Generator was generally found to be satisfactory without the use
of a frequency meter since no high-Q resonant elements are invoived in the set-
up. The Varisble Length Line consisted of assorted combinations of fixed-
length air-dielectric transmission lines (General Radioc) and in suue cases in-
cluded a constant-impedance adjustable line. Amplitude modulation of the sig- -
nal source vas sometimes employed to obtain greater usesble detector sensitiv-
ity. This wvas 8lso possible bacause of the absence of high-Q resonant ele-
ments in the setup. GCeneral Radio Type 87k connectors with "Clipiocke" were
used in meking coaxial cornections wherever possible. Care was taken to reduce
direct signal leskage between instruments to a minimum by minimizing non-criti-
cal line lengths and employing solid co&id cable wherever possible.

Sourccs of errors wiiich wuse dlscussed in the previous progress report are:

a. human errors in reading the bridges, _
t. crrors caused by poor null indication,
drift in the bridge, terminations or other elements with time,
d. errcrs in calibration of the terminations,
e. errors inherent in the methods of applying corrections to the
readings, and
f. errors in bridge calibration.

Ttem e was the first of these sources of errors that was more fully inves-
tigated during this report period. Since impedance measurexzents were made for
arbitrary lengths of transmiceion line, it was necessary to make one or more
short-circuit measurements and then subtract the short-circuit impedance froa
the readings obtained when using the termination. Of the various-possible

methods of subtraction, the one making use of 2-Q charts or Smith charts
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appeared to be most attractive because of the relatively small amount of time

e o pa i

required. Hovever, repetitive rcduction of the same data yiclded results daif-
Mathemetical subtraction of

fering by more than one percent in soue cases.
the short-circuit-impedance using a alide rule was next attempted with & simi-

lar magnitude of disagreement resulting in the fingsl impedance values. To ob-

tain g-eater accuracy, a desk calculator and a set of mathematical tables.were

next employed. This cqmbination was highly subject to human mistakes. The

mistakes resulted primarily from the complexity of the computations. The

equation which had to. be solved was

T

vhere 2.t is the impedance of the termination to be calcuiated from a bridge
reading,

FREQUENCY (WCAEC)

zsc is the short-ciicuit bridge reading,
Z is the bridge reading with the termination in place, and

IVAC COMPUTER CALCULATIONS

T

T

T
-DESK CALCULATOR AND UN|

HEAVY SOLID LINE.
LIGHT SOLID LINE_2.

Zo is the characteristic impedance of the transmission line.

Some of these quantities are complex impedances, thus adding to the diffi-

[of
omparison of Various Methods of Line Length Subtraction.

cuities already inherent in making the calculations.

-0 CHART CORRECTIONS
~SLIDE-RULE CORRECTIONS

Since satlsfactory agreements Were never obtained among the methods of

shart-circuit subtractions discussed above, the computations were performed on

Typical results obtained using the

Figure 2,

2 Remington Rand ERA 1101 Univac Computer.

LIGHT DASHED LINE.
CIRi - | t
CLES-DESK CALCULATCR ERRORS UNCOVERED BY UNIVAC CALCULATIONS

various computation methods are illustrated by Figure 2. It can be seen that:
\

the desk calculator calculaticns were sufficiently accurate, providing mistnkél

could be eliminated; however, this process wac very time consuming, requiring

PP TN
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.

approximately 15 hours of time to subtract the short circuit for 20 points with
the likelihood of appreciables errors rcmaining in 20 percent of the final smo-
lutions. The computer provided 0.0l percent accurocy with no mistskes in 43
seconds of computation time. Typical total computer time included 5 to T
rinutes program loading time plus 1 to 1.5 minutes per set of 20 readings for
loading and computation., Fifteen to thirty minutes of personnel time were re-
quired for preparing the data for each set of 20 readings. The initial prepa-
ration of the computer program, however, required in excess of 20 hours of
personnel time,

The use of the digital computer completely eliminated the errors inherent
in the methods of applying corrections tc the readings.

Figure 3 shovs a graphical summary of the data obtained when using a par-
ticul-u' HP Model B03A VHF PBridge to measure the impedance of a GR 100-chn termi-
nation. Two of the curves show the data obtained by applying corrections for
line iengtih only. The third curve presents data which were fully corrected by
epplying the correction cur'ves supplied with the bridge. These curves correspond
to the curves of Figure 13 of Progress Report No. 3 except that the line length
subtraction was performed by the computer for the current presentstion. Some
improvement in accuracy, especjslly for the phase angle, was obtained by the

I the ccrrection curves provided with the bridge.

Figure 4 presents similar curves obtained by replacing the 100-ohm termi-
nation with a GR 200-chm termination. An apprecisble improvement in accuracy
was obtained, in uiis waswple, U7 ueing the correction curves prcvided with the

bridge. These curves correspond to Figure 14 of Progress Report No. 3.

)
/
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E

=i RUN NO. | FULLY CORRECTED.
- RUN NO. 2 UNCORRECTED

T T T

MPEDANCE MAGNITUDE - OHMS

Il

PHASE ANGLE ~ DEGREES
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Bridge Measurements of 100-Ohm Terminatfon.

Figure 3.
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Other data indicated that errora cenced by poor null indication and errors

due to drift were compartively small for the previously presented data. Errors

due to poor null indication may, however, become appreciable when AN modulation

of the signal source cannot be used, Thus the errors indicated in Figures 3

and & may be asscciated with (1) human errors in reading the bridge, (2) errors

in calibration of the terminations, tnd (3) errors in bridge calibration. The

first and third errors may be appropriately grouped as "bridge errors.” . It

the errors in caiibration of the terminations can be considered to be zero,

the data presented in Figures 3 aand L indicate that the particular VHF bridge

can be specified to be accurate to within 7 percent for impedaace magnitude

and within ¥ 6 degrees for phase angle with full corrections applied and for

the particular impedances and lire lengths involved. Other data indicate that

approximately the same sccuracy can b2 obtained for any impedance with & magni-

tude between S0- and 200-ohms and for # line length except lengths which ap-

proach odd multiples of one-quarter wavelength.

The accuracy may be specified

to be 9.5 percent for impedance magnitude and b 20 degrees for phase angie vhen

PBridge Measuremente Of 200-Ohm Termination.

e —— RUN NO, 1 FULLY CORRECTED
- = =~ RUN NO. 2 UNCORRECTED
200
FREQUENCY — MC/SEC

o
2 g
E g
5 2
& g
g g
2 3
k3 ~
3 g
:
] 2
2
2
g
2
: \

the computer is not used for short-circuit subtractions and vhen the corrections

supplied with the hridge are not applied.

Another ‘HP Model 803A VEF Bridge was briefliy investigated and vas found

tc have slightly poorer accuracy.

Becth of these bridges hadl ‘been in use for

PHASE ANGLE - DEGREES
Figure b.

several years and had nct alvays received the proper treatment. This model

of bridge has been improved by the manufacturer in recent years; thus, current

production models may show appreciable improvement in accuracy over the par-

ticular instruments which were available to the project. Tentative plans are

being made to either have one of the old bridges rebuilt or to purchase a nov

instrument for simjilar evaluation.

roved for Release r 2013/10/31 : CIA-RDP81-01043R002300080001-3
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The General Radio Type 1602-B Admittance Meter vas alss subjected to in-
tensive laboratory investigations. Runs were made using 50-, 100-, and 200~
ohm terminations separated from the instrument terminals by transmission line
lengths of 0, 10, 20, 30, 40, and 50 cm. The computer prosram‘m.modiﬁed to
perform admittance subtractions based on short-circuit admittance readings.

The difference in length of 0.6 cm between the short-circuit and the termina-
tions was not included 1n‘ the corrections; however, this distance would modi-
ty the results only slightly. If the instrument sccuracy vere greater, the
correction for this distance would become more important. Figure 5 shows &
graphical summary of the data obtained by using the 100-ohm termination. Near
points where the line length apprcached cne-quarter wavelength, large errors
were io be expected. Disregarding these regions, however, the accuracy of the
instrument can be specified in most cases to be within 15 percent for impedance
magnitude. The curves shov that the sccuracy is gen-er&lly greater for the
shorter line lengths. For example, the maximum error in impedance magnitude
for the O-cm line length is 7.5 percent. The computer data gave phase angle
accuracies within pa 15 degrees in most cases £nd a maximum errc‘:r of 6 degrees
for the O-cm line length, This data is not preseated graphically. Because
~of the large errors observed for the 100-ohm termination, it was felt that the
“use of the computer was not warranted for correcting the 50- end 200-ohm data.
When the Admittance Meter is used with £ helf-wavelength line both magnitude
and phase angle errors arc greatly reduced (typicnlly less than 5 percent mag-
nituce error and less than Ty degrees phase angle error). '
This particular Admi;.t.t\nce Meter had been in use for several years and

had received very rough treatment which ‘probably accounts ror much of the

e e e e bk i s b oF

!
t
i
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Admittance Meter Measurements of 100-Olm Termination.

Figure 5,
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error. Tentative plans are also being made to obtain a new Admittance Meter The admittance characteristics of these crystals are shown in Figures Ad

for evaluation, - ! through A-15 of the Appendix. Only the principal responses at each overtone

It was concluded that the instruments presently in use do not even ap- are shown except for Figure A-15 where the frcguency separations between the

proach the accuracy required to satisfy the purpose of the project. The dats

indicate, however, that new instruments, if given special care in calitrationm,

ma, be capable of providing the necessary accrracy. The possibility of includ-

ing calibration data for & particular instrument in the computer program has

also been suggested. Ac apolied to crystal measurements, this would mean that

the data obtained from the VHF Bridge or Admittance Meter would be placed into

the computer and the resulting output would be the fully corrected impedance

characteristics.

3. Experimental Crystal Measurement Data

Experimentsl data vere obtained on a series of 15 high frequency quartz

crystals supplied by the USASEL. Complete circle diagrams were cbtainzd for

the principal response at each overtone frequency between the fregquency limits
of 140 and 455 mc/sec for each crystal. The setup used for obtaining the dia-

grams is shown in Flgure 6. This setup 1s identical to that preosemted in Fig-
Fiaure 6. Present Lsboratory Measurements Standard Setup.
ure 2 of Progress Report No. 3. Although the previous section indicated that

rinci; onses and spurio w . Th
the VHF Bridge msy at present be made more accurate than the Admittance Meter, ® pal responses and the sp us responses were very emall e nuzbere

ne ach overt respcnse indicate respecti t! t ! and
the Admittance Meter was chosen for the crystal measurements bezause of its ar © vertone respense indicate respectively the overtone number the

te fr thi 4 .
requirement of less null detection sensitivity. A helf-wavelength line was approxinate equency of the resporse in me/sec The resonant frequency at

S] de be th t} -
used for each measurement to obtain greater accuracy &and so that line length each response 1s considered to e frequency at the point of maximum con:

3 . Th 1 P -
subtracticns would not be required. In all, T6 circle diagrams were obtained dustance 16 !s the resonant frequency that would be cbtained if cancel

ised .
for the 15 crystal units. This number docs not include the minor re- lation coils were used to antiresonate the effective Co of the crystal. The

sponses (spurious) vhich vere also obtained. equivalent resirtance is considered to be the reciprocal of the maximum

1043R002300080001
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conductance. The reader is cautioned, however, that this method of Co cancel-
Jetion does not neceseacily yield the rccu.ant frequency of the motional arm
of the crystal, This aspect is discussed in the next section of this report.
Table I shows a comparison between the resonant resistance and frequency
obtained from the curves of Figures A-1 to A-15 and the corresponding data sup-

plied by USASEL as obtained by using a Crystal Impedance Meter. The values of

TAELE I

COMPARISCN TETWEEN MEASUREMENTS OBTAINED WiTH THE STANDARD
SYSTEM AND MEASUREMENTS SUPPLIED BY USASEL.

Standard Measurerent System

Crystal No, F;:/g::zcx P.;f“;;;:nce }‘:za\sxzzcl Resi}sl;:x)]ce pﬁgd
Fa-57 144997620 8 144996591 60 7.1
Fa-59 244,995210 3 144,994 504 28 6.6
Fa-89  15L.5596%0 38 15k.969724 38 5.8
Fa-91 155.0253%00 3 155.02k 304 32 5.8
Fa-92 154.953520 34 154.982208 35 5.8
Fa-103 165.010510 bl 165.010752 36 6.4
Fa-10k4 164.965530 43 164.964807 k2 6.0

B

34

Data from USASEL

Fa-105 164.950250 164.949722 31 5.9
Fa-116 175.029820 175.029814 . 36 4.8 -
Fa-117 174.899000 36 174.898072 33 5.7
Fa-118 174 .896970 L2 174.896575 33 5.8
Fa-82 168.9uk7L0 69 188.944609 170 6.1
Fa-8% 188.99663% 188.9963639 102 L
Fa-40 195.979000 195.978463 106 6.0
Fa-bb 196.013340 196.013830, 63 8.1

Progress Report No. 4, Proje:t No. A-271

Co &8 olbtained by USASEL are also included. The effective Co as determined by
the Mcasurements Standard may be readily calculated by considering the value
of the susceptance at the point of maximum conductance,

The maximum disagreement bet n resistance values is 14 percent. With

two exceptions, the values agree within 9 percent and for 8 measursments the

agreement 1is within 5 percent. In all cases, the frequencies agree to ~ithin
better than 0.001 percent. In 3 cases, the frequency Bgreement is better than
0.0001 percent. The resistence disagreements do not &ppear o be related to
the frequency disagreements except for the Crystal No. Fa-40 where the disa-
greements are large for both frequency and resistance. It is possible that
the chorancteristics of this crystal msy have changed somevhat between inter-
vening measurements.

4., Theoretical Crystal Studies

One of the 15 crystals whose sdmitiance characteristics are presentea
in the Appendix was examined in gr.\te. detail to determine tks validity of
the conventionally sssumed equivalent electrical circuit. These studies and
conclusions, while necessary to determine the usefulness of the Crystal Mess-
urenents Standard, sre nevertheless sublect to errors introduced by the pres-
ent limited accuracy of the system. The particular crystal chosen for these
studles was Crystal No. Fa-116 whose circle diagrams are shown in Figure A-9
of the Appendix.

The holder characteristic of Crystal No. Fa-116 was first determined.
This was accomplished by using the reasurément setup of Figure 6 for the fre-
quency range from 100 to 1000 mc/sec. The holder characteristic is plotted in

Figure 7. The small circles represent the regions wvhere crystal overtone
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Figure 7. Crystal Holder Characteristics of Crystal No. Fa-116.
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responses have a tendency to produce erroneous readings. The numbers near

the amall circles indicate the overtone number of the crystal response occ

ring in this region. The 218t through 29th overtone responses, all of whic

were appreciable and rather broad, made accurate readings difficult to obta

at frequencies above sbout 700 me/sec. This situation vas aggravatcd aven

more by the signal source instability at these fre juencies {the crystal ov:

tone responzer =t the higher frequencies have not been plotted due to this

stability). The large circle in the figure was chcsen as the cirele which

best represented the complete holder characteristic, It may be observed th

this circle is not centered ubout the zero susceptance axis. This indicated

the need for an additional shunt capacitance, co-' , as a part of the holder

equivalent circuit which is shown in Figure 8. The element values appearing

in ¥igure 8 are the values calculated from the half-powver points on the cire|
dim;ram of Figure 7. The value of (CO + Co') vas also measured at 400 ke/s
and found to be 4.6 pufa.

AN, A T1LR
R Ty
17 ohms 0.0318 phy.
A cr c
poy o -]
0.89 pura. 4.3 pprd,

e}

Figure 8, Holder Equivalent Circuit for Crystal No. Fa-116.
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The fact that the mearured puints on the holder characteristic follow an

elliptical path indicated a slight nonlinearity of clement values with fre-

quency, However, this nonlinearity appears to be negligible. The elliptical

shape may, moreover, be due entirely to messurement errors.
The crystal response at 2k5 mc/sec was chosen for detailed study. Tre
measured points and the resulting circle opproximation are described by Figure

9. Figure 10 presents the corresponding rectangular plot of the measured

points,
The resonant frequency of the crystal s motional arm could not be readily de-

The assumed equivalent circuit of the crystal is shown in Figure 11l.

termined from the curves of Figures 9 and 10; however, the circle diagram of

the motional arm wss cbtained by successive subtraction of the holder elements

using sdmittance and impedance Smith charts. The shunt element, CO', was first

remcved by displacing the circle as shewn in Figure 9. The circle was next

transferred to an impedance Smith charc (not shown) wkeare LL and RL were re-
moved. The circle was then transferred back to Figure 9 where Cc wag removed

as indicated. As would be expectcs, the center of the circle fell very nearly

on the conductive axis. This fact, however, does not by itself substantiate the

correctness of the assumed equivalent circuit. Various frejuiency points must

also be investigated. For example, if the motional arm circle of Figure 9 is
correct, its resonance must lie a% the polnt Fo. 1f this point is traced back

to the complete crystzl diagram ty use of the Smith chart transformations, it
will occupy the various positions indicated. If the point, Fo, is trans-

ferred to Figure 10, it will not occupy the anticipated position. Time was
not available before the preparation of this report to determine whether or

not this 1 the norzal frequency shift accompanying an impedance transformation.

pre]

Nt o h s b it -4 el b nm et o o g

.Figure 9.
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Characteristics of Crystal No. Fa-116 at 245 Me/sec.
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If it is not, it 18 probable that .the eventual explanstion will result in the

2doption of ar =lternate equivalent circuit,

Figure 11. Assumed Equivalent Circuit of Crystal No. Fa-116 at 245 Mc/sec.

The element values for the equivalent circuit of the crystal's motional

0.04
MC/SEC ABOVE 245

oim may also be determined by tracing the half-power bandwidth points, Pb,

through tie Smith charte to Figure 10, where the frequencies can be read from

the curve, All natural and derived crystsl parameters can then be calculated.

-116 at 245 Mc/sec.

For example, the qo of the motional arm was found to be 36,000. It s inter-

Rectangular Admittance Plot of Characteristice of Crystal

No. Fa

esting to observe that the Q of the ccmplete crystal unit witk reactive cancel-

lation may be calculated as 3%,000 from Figure 10, It may also be observed

.
%
Y
%
%

from this figure that the most desirable reactive cancellation coil for this

crystal unit would be one with & snséepta.nce of 9 millimhos correspending to

Figure 10.

\
&n inductance of 0.07 uh. This corresponds to an &ssumed (C° + Co') of 5.85

& © A . 4wufd, vhich, results in a crystal resonant frequency of 245.0k26 mc/sec com-
s“““'.""“ .pared to the resonant frequency o® the motional arm of 245.0450 mc/sec. This

r 2013/10/31 : CIA-RDP81-01043R002300080001-3
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raisee the questicn as to which frequency should ‘be the basis for the specifi-
cation of the crystal's parameters.

Although the above develnpment did not progress sufficiently to provide
definite conclusions, it dtd indicate the need for further study of the equiv- —=
alent circuit of quartz crystals at high frequencies. It 18 probsble that
additional investigations will offer satisfactory explanations for some of the
observations which have been.cited or thet orrors may be found which will in-
yalidate the results presented.
B. Power Measurements

1. Introduction

The equivalent electrical parameters of quartz crystals are to a

varying extent 8 funccion of the crystal povwer dissipation, and it is therefore
necessary to méésure and specify the power jevel at which the pLrameters are
measured. A pover measuring jevice which is compatible with the developmental
parameter measuring instrumentation should exhibit the following characteris-
ties: (1) sufficient sensitivity to measure r-f pouer in the range from 0.2
to 4.0 mw, (2) the sbility to measure r-f pover over the frequsncy range from
150 to 300 mc/sec, (3) the abillty to m.esure power without any electrical
connection between the aissipating body and the pover measvring device, and
(4) the ability to messure the power dissipation of the crystal without sc-
cess to the interior of the hermetically sealed can of the crystal unit.

A thermistor bridge r-f pover measuring system of the type shown in Fig-
ure 12 shows the most promise of satisfying the above requirements. Presently
availsble thermistors and null indicators make possible a system which is

capable of exhibiting & sensitivity in excess of that necessary to measure

i
:
1
i
i
H
H
i
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the pover levels of interent. However, ambient temperature variations limit
the degree to which this sensitivity can be practically utilized. The sensi-
tivity of the system 18 limited by the maximum bridge unbalance indications
which are caused by subient tempersturs variations. These indications must be
less than the allowable error of the minimum power level to be measursd. The
use of two thermistors in the bridge reduces the errors due to ambient tempers-
ture varistions considerably, and makes possible the riore effective utiliza-

tion of the maximum sensitivity of the bridge.

°

Figure 12. Thermistor Bridge Pover Messuring System.

1043R002300080001-3
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The two thermistors, shown as ’.l'1 end T, on Figure 12, are mounted on the
resistive elements of two rhecstats, R1 and RE’ and are connected as adjacent

arms of a vheatstone bridge. The bridge is palanzed by adjusting the dbridge

v
‘balance potentiometer, FS.

The r-P pover to be measured io applied to Rheo-
stat Rl' cgusing the tewperature of the rheostst to increase. " This temperature
tnerease is coupled to thermistor 'I‘1 snd causes a decreese in the resistence
of the thermistor. This decrease in the resistance of '1‘1 causes an unbalance
in the bridge. Applying d-c pover to the second rheostat, RZ' causes the tem-
perature of FZ. and ’!‘2 to increase which in tury decresses the recistaace of Tz.
Wher the decrease in the resistance of ’1‘? is equal to the decrease in resist-
ance of Tl’ the bridge vill again be balsnced. Under these ccnditions, the d-¢
pover applied to R2 will be equal to the r-I power applied to Pi' provided the
tvo rhecstat-thermistor combinaticns are identical. Any errcrs introduced by
differences in the two combinations may be easily determined by applying a known
d-¢ pover to Rl and adjusting the d-c povwer applied to R2 until the bridge is
balanced. Any difference between the known d-c power inte Rl and tke d-c pover
applied to R2 represents the error due to differences in ~he tvo rheostat-ther-
mistor combinstions. Therefore, this difference between the two d-c powers
may be used &5 & correction fector for the total system error.

The procedure described above makes possible Jhe measuremest of r-~f power
dissipation in & rheostat without eny electrical connection between the rheo-
stat and the pover measuring insirument, thereby eliminating any possibiliity

of the power measuring {nstrument altering the operaticn of the system contain~

ing the dissipating “ady.

Declassified in Part - Sanitized C roved for Release
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he quartz slsb of a conventional crystal unit is encased in a hermetical-
ly sealed can ard it is impractical to insert a heat sensing element into the
can of each crystal unit to be measured. If Rl 1s the rheostat of the Crystal
Parsmeter Bridge or the test resistor used in the CI Meter substitution system,
the r-f power d:ssipated in the rheostat will be equal to the r-f power dissi-
Therefore, measurement of the power dissipated in the

rheostat as described above, 1s equivalent to measurement of the power dissi-

. pated in the gquartz crystal.

50-Yr 2013/10/31

2. _Prototype Power Meter
A prototype thermistor-bridge pover meter for use in measuring the r-f
pover dissipated in VHF quartz crystals was constructed and tested. Figure 13
shows the prototype power meter connected to & Coaxial Crystal Paremeter Bridge.
A Minneapolis-Honeyvell, Model 104WIG, Electronik Null Indicator is used as the :
null detector and a Marconi Type 1066/1 Signal Generator is shown connected as
the r-f power source. A schematic diagram of the prototype pover meter is shown

in Figure 4. Two type 32CHl Clennite Thermistors, shown a8 T

1
schematic, were connected &8s adjacent arms of the bridge. The thermistors vere

and T2 on the

-
bonded to the resistive fiims of two VHF Rheostats so that the temperatiure of

the resistive films determines-the tewpersture and, hence, the resistance of the

thermistors. This bond was made with Sauereisen Eigh Temperature Cement No. P-T

Robertson, D.W., Seott, T.R. and ¥rigley, W.B., ;nvestiggtior: of Methods for
Measuring the Equjvalent i ectrical Perameters of Quartz Crystals, Final Report,
Tontract No. DA-36-039-sc-50720, Gecrgia Institute of Technology, Atlanta, May
31, 1956, 11-31.

DP81-01043R00230008000
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which ‘exhibits good heat conductivity and good electrical insulation. The test
rheostat, shown as Rl on the schematlc, is normally operated as the bridge rheo-
stat in the Crystal Parameter Bridge or a8 the tént resistor in the CI Meter

substitution system. If the resistance of the test rheostat is equal to the

e et et - e S,

1K R, 104 WIG
HELIPOT 8  ELECTRONIK
10T-10K 6K NULL INDICATOR

'

presnanTx

< HELIPOT
S 10T
L

C TR R

Prototype Power Meter.

AAA 7o
R, S3
9 o
R
RF POWER ‘/:_

Figure 13.

Figure 14.- Prototype Pover Meter Schematie,
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series resonant resistance of the quartz crystal under test and if the frequency

e At o ssd

is equal to the series resonant frequency of the crystal, the power dissipated

in the test rheostat is equal to the power dissipated in the crystal, The rsf-

erence rheostat, R2, 1s mechanically connected to R:L to minimize ambient tem-

perature variation effects. D-C pover controlled by Ré «nd metered by )'l is

H.P. VHF SIGNAL GEN.

dissipated in Fz.

The therm!stor bridge is initially balunced with no pover applied to the

EMPIRE DEVICES NF — 105
H.P. VHF SIGNAL GEN.

H.P. YTVM

rheostats by adljusting F5 with the bridge d-c pover cn. The r-f power to be

O DC CALIBRATICN

5
[ ]

measured 15 then applied to Rl' The heat generated in Rl causes the resistance

of thermistor Tl to decresse, unbalancing the bridge. D-C reference pover 1s

then applied to }"2 and adjusted by R6 until the bridge is again balanced. The

d-c power necessary to obtain this balance is real on Hl This reference power,

when corrected for system errors 1s eguivalent to the r-f power in Rl and, hence,

EMPIRE DEVICES NF = 105 :

to the r-f power dissipated in the crystal.

R-F Pover Measurements.

S

\>
5
<

J o)

3. R-F Power Measurements

PW’ER IND.C. REF.-'ERENCE RHEOSTAT ~ mw

in order tc calibrate the pover meter, specific emounts of d-c power

ranging from 0.5 mw to 4.0 mw vere applied to the test rheostat, Rl' The bridge

/‘"
DC CALIBRATIUN
]
Figure 15.

was rebalanced by anplying d-c reference povwer to the reference rheostat, RZ.

The results are plotted as tke d-c calibration curve of Figure 15. This curve

represen:s the system error.

A Hewlett-Packard, Hodel 60BC, VHF Signal Generator was used to apply spe-

cific amounts of r-f pever, at 16 me/sec, ranging from 0.5 mvw to L.0 mw, to Rl.

The bridge vas reblanced by applying d-¢ reference pover to Ra. The curve ob-

ttined from these r-f power resdirgs is also shown in Figure 15 for comparison

with the d-c calibration curve. The r-f power applied to the test Theostat was

calculated from the HP Signel Generator attenuator dial reading.

Declassified in Part - Sanitized C oved for Release
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In order to check the accuracy of the signal generator attenuator and as
an additional check cn the thermistor-bridge power meter, voltage measurements
vere made across the test rhecstat with a Hewlett-Packard, Model 410B, Vacuum
Tube Voltmeter and the signal generator output was measured with an Empire
Devicés, Model NF 105, Noise and Field Strength Meter. Results from these
measurements are plotted on Figure 15 for comparison with the d-c power neces-

sary in R, to bslance the thermistor bridge. Figure 15 does not give a true

2
indiration of the accuracy of the instruments compared tecause the power .values
were calculated by squaring the voltage readings obtained from the instruments

and, therefcre, the errors shown on the power curves are approximately twice

the errcrs of the instruments. Hence, 811 three curves are within the accuracy

claimed for the instruments involved.

Since the curve obtained with the Hewlett-Packard VHF Sigoal Cenerator
lies approximately midwey between the curves obtained with the vcltmeter and
field strength meter, the r-f powers calculsted from the signal generator at-
tenuatcr dial readings were taken as correct values of r-f power. With this
assumpticn, a comparison betveen the d-c calibration curve and the HP VHF Sig-
nal Generator curve indicated that the prototype R-F Power Meter should be
capable cf measuring r-f pcwer in the range from 0.5 mvw to 4.0 mv with an ac-
curacy of hs S percent.

Several termination type ccmmercial r-f power meters appear to be suffi-
ciently accurate for use in checking the prototype powcr meter. An attompt is
being made to procure ore or mcre of these units in order to further evaluate

the accuracy of the thermistor bridge.

Declassified in Part
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ONE THERMISTOR

TWO THERMISTORS

Figure 16,

10 S5
TIME - MINUTES

Ambient Temperature Variationc of One and Two
Thermistor Configurations.
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In order to wacertain the improvement in useable bridge sensitivity ob- indicates that a maximum error- of approximately 0.1 mw is possible. Hovever,

tained with two matched thermistors, tests vere made over 30-minute periods data from sctual power meusurements indicated that power levels as low as 0.5

+
with one-thermistor and two-thermistor bridge configurations. The recults of . mv could be consistently measured with an sccurscy of - 5 percent. The greater

these tests, as shown in Figure 16, indicated that the maximum error due to accurecy of the experimental readings was due to the improbability of the read-

ambient temperature variations in the two-thermistor bridge was less than 2 ing being taken at times when the temperature variations vere. maximum 8nd to the
p;rcent o2 the error obtained with the one-thermistor bridge. Figure 17 shovs . fact that the time necessary o make the measurement wes less tha 5 minutes.
the errors due to smbient tempersture varistions as a function of time in the It 4s not possible, &t the present time, to measure r-f pover &% a 0.2-mv
two-thermistor bridge over a relatively long pericd of tire. Assuming that a Jevel with the desired sccuracy because the error due to ambient temperature
maximug perio® of 5 minutes is necessary to obtain & pover reading, Figure 17 variaticns is equivalent to & relatively large percentags of the r-f pover being
’ measured. Better matching of the two thermistors would reduce the deflections
due to temperature variations and would permit lover values of r-f pover to be
measured with the desired accuracy. Improvement in the ‘bonding betveen ther-

mistor and dissipating body would result ir & given ambient temperature de-

also allow lower level r-f pover to be measured accurately.

C. Experimental CI Meter

- flection representing & smaller percentage of the power being measured and would

1. Coaxial Crystal Parameter Bridge

Progress Report No. 3 presented the results of passive measurements

made ca the Coaxisl Crysial Parameter Bridge. These results indicated that

the bridge in its present form was carable of matching impedances with errors

of less than 15 percent in magnitude and less than 5 degrees in phase angle at

drive levels as low as 0.5 mv. Considerably greater accuracy {5 percent and 2

30 40 50 60 70 80 90 100 1o 120
TIME - MINUTES deg;rees) was cbtained by increasing the drive level or can be realized by in-

creasing the sensitivity of the coupler elements, However, nu effcrt vac made
Figure 17. Ambient Temperature Variations of Prototype Bridge. to incremse the sensitivity since the wccurscy presently obtained is acequate

to determine the usefulness cf the bridge arrangement.

Declassified in Part - Sanitized C roved for Release 50-Yr 2013/10/31 DP81-01043R00230008000



Progrese Beport No. S, Project No, A-27)

.Additional checks were made on the bridge by utilizing it in a passive
weasurement sétup to measure the series resonant frequency and resistance of &
number of crystal units furnished by USASEL. The resulting bridge measurements
vere compared with those obtained by USASEL and with those obtained at Georgim
Tech with the ‘present crystal measurement standard.

Figure 13 shows a picture of the passive system used. The Marconi 1066/1
Sig:al Generator which was used 8s the external signal.source exhibited a short
time stebility that was more than adequate to permit proper bridge n\ll]l. to be
obtained. The thermistor pover meter, also shc\n} in Figure 13, was not used to
measure crysial drive because of the unavailabdbility’of VHF Pheostat-Thermistor
units covering the entire frequency range of the group of crystals. Hovever,
the crystal drive was set at approximately 2 mv for each measurement by meas-
uring the voltage across substitution resistors {approximately equal to Rl)
placed in each side of the coaxial bridge:l

Table I compares the results of the bridge measurements with those ob-
tained at USASEL and with those obtained with the Gecrgia Tech Crystal Measure-
ments St:and&rd. In each case a freguency difference c':x’ less then 0.001 percent,

(u;rget accurscy) was cbtained between the dbridge measurement and elther of the
two methods used for comparison. The average deviaticn appears to be approxi-
mately 0.0003 percent from the Measurements Stendard &nd 0.000% percent from
the USASEL measurements.

Although resistance deviations greater than the desired accuracy of M 5
ohms or 10 percent vere cbtained in four cases, these differences dlé not exceed
15 percent. With two of these crystals, No. Fa-40 and Fa-L4, the differences

occurred only between the coaxial bridge and the Measurements Standard results.

Progress Report No. 4, Project No. A-271

With the other two erystals, No. Fa-57 and Fa-82, the coaxial -bridge measure-
ment differed from both the Measurements Standard and the USASEL results, Howe
ever, cauticn should be exerc’.ed in the resistance comparisons since infor-
mation was not available as to the conditions under which the USASEL: resistance
measurements were made and since the ccaxial bridge results were cbtained by
measuring the VHF Rheostat resistances with a conventional ohm meter without

regard to phase angle considerations.

TAHLE I1

COAXIAL CRYSTAL PARAMETER BRIDGE MEASUREMENTS

Coaxial Bridge Measurements Stand. @ USASEL

Crystal No. Frequency R ar NL_L af

A

- Fa 571 1kk.99760 52 + .00020 +6 - .00068
Fa-59 144.99511 33 + .0000T +1 - 00040
Fa-89 154.97008 . - .00029 +2 + .00023
Fa-91 155.02555 .000C3 +1 .00068
Fa-92 154.98305 + 00030 00055

4+ o+ s+

1
WENMWVWO FERMHE ML ENONDW®

Fa-103 165.00956 ..00058 .000k2
Fa-10k 164,964L5 00065 .00021
Fa-105 16L.94949 .000L6 0001k
Fa-116 175.02918 .00037 .00035
Fe-117 174.89883 .00010 .000k3
Fa-118 174.89625 00041 .00018
' Fa-82 188.94369 .00055 .000k9
Fa-83 188.99626 0001k .00002
Fa-40 195.97879 00011 .00017
Fa-Li 196.01245 .000%6 .00070

'

+

+
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To further check the usefulneas of the bridge arrangement the connistency
of the bridge was determined by repeating tae measurcments. Table 111 shows
the renults of two mersurement runt, the second of which was performed one week
after the firct. As may be seen, the frequency differences werc considerably
less than 0,001 percent with only 5 of the 15 mensurements exceeading 0.0005
percent. In addition all of the resistance values were well below the 5-ohm

or l0-percent desired accuracy.

TABLE IIL

CHECK OF IRTIE REPEATABILITY

S ———

Frequency ar ar
Trc/sec) Teycles) percent)
Pa-57 1Lk .99750 + o + .0CO6L
Fa-59 144.59511 + 100 4 00069
7a-89 154.97008 + 100 + 00006
Fa-91 155.02535 530 00034
Fa-92 154.98305 L0 00027
Fa-103 165.00956 3% 00021
Fu-104 164 .96845 2] 00003
Fa-105 16494949 T0 L0000k
Fa-116 175.02918 280 .00016
Fa-117 174.89993 T80 .000k2
Fa-118 17k . 81625 920 .00053
Fa-82 188.94369 260 0001k
Fa-83- 188.99636 1000 - .00053
Fa-10 195.97879 620 + 00032
Fa-4b 196.01245 + 00097

Crystal lio.

Progrens Report, No. U, Project Mo. A-27L

It was pointed cut in Progress Report No. 3 that the rajor portion of the
couxia) btridee error wag due to the inherent unbalance of the banic bridge an-
sembly. To furthe: check this property the crystals were measured 1in both sides
of the bridge anu the results conpured. Theoe results are showr. in Table IV,
Although the frequency and resistance differences verc small the bridge dinoym-

metry was verified by the consintent negative frequency and positive resistance

errors.

TAELE IV

CHECK OF ERIINGE SYMMETRY

Crystal Fo.

Frequency

af

ar

Teycles) Tpercent)
Fa-57 1hh.99760 - 52 - 60 - 0003
Fa-59 1%, 99511 33 250 - .000LT
Fa-89 15%.97008 T 36 150 - .09
Fa-91 155.02535 30 2710 - 00017
Fe-92 - 154.98305 31 220 00014
Fa-103 165.00956 N 600 00036
Fa-10k 164.964k45 AN 460 00028
38
3%
31

R].
{mc/sec) Tchmsy

Fa-105 16494349 00 0002k
Fa-116 175.02918 00043
Fa-117 174.89883 00065
Fa-118 174.89625 39 L0003
Fa-82 188.94369 61 00003
Fa-83 188.99636 100 00002
Fa-lo 195.97879 1o .000TL
Fa Li 196.01245 2s) 00175

by ————— RIS
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The crystals were also measured in the conxial bridge st their overtone
frequencies in the 200- to 00-me/sec frequency raage. Since no USASEL measure-
ments were available in this frequency TCIge, the results vere compared only
with those obtained with the Crystal Measurements Standard. The frequeicy dif-
ferences obtained were well below 0.001 percent in all but two questionable
cases. However, coacidcrable disagreement in resistance messureuents was cbtain-
ed, especial.y above 250 mc/sec. As of this report dste an investigation of the
possible causes of these alscrepancies hed not been ;mde but additionsl meas-
urements of crystal parameters and VHF Rheostat impedances are planned. A study
of the bridge reaction to possible high frequency crystal equivalent circuits
will also be made in &n effort to determine the basic reasons for the resist-
ance differences.

The results obtained with the coaxial bridge over the 100 to 200 mc/sec
frequency range irndicste that the . esently obtainable accuracy is comparable
with that of other available methods. In the 200- to Boo—mc/sec range scme
question still rpfmsins as to the sccuracy, particuiarly in respect to the crys-
tal resistante memsurements. Althqugh additional efforts will be made to de-
termine the causes of these resistance measurement discrepancles, the general
accuracy and cverall suitsbility are such that the bridge appears satisfactory
for use in connection with the osciliator circuitry under development.

2. Exgerimental .Oscnlators

When the Crystal Parameter Bridge technique is used with an sctive
oscillator, the frequency control is maintained by the crystal impedance varia-
tions near resonance as modified by the bridge conrlgura‘tion. In effect the

cerystal characteristic as presented to the oscillator i3 degraded by the shunt
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arm of the bridge. In particular, & maximum impedance change of two to one is
imposed, near bridge balance, by the variable rhecstut of the shunt aram.

This impedance degradution, as discussed in Progress Report No. 3 is the
najor factor which prevented satisfectory operation of the Plate Degenerative
Oscillator when used with the Coaxial Crystal Parameter Bridge. Additional ex-
perimental tests were made on this oscillator by utilizing passive elements in
place of the crystal and bridge. These tests have conflrmed the suspected ina-
bility of the Plate Degemerative Oscillator to oscillate satisfectorily with a
maximum impedlinm—.- change of only t‘wo to one. This was found to be true regard-
less of the phase angle considerations.

The bridge degrading property therefore necessitated an investigatica of
additional oscillatory circuitry which would not only me=t the original require-
ments set forth in Progress Report No. 1 but would in addition be mcre sensitive
to the phace and mped_ance changes exhibited by the bridge-crystal combination,
Of the possible configurations only those which permitted one terminal of the
crystel unit to be grounded and which permitted siiple capecitive neutraliza-
tion of Co were considered.

One configuration which appeared to meet these requirements wvas the capacie
tance bridge oscillator described in Progress Report No. 2. Two additional ex-
perimental mcdels of this oscillator were corstructed during the present report
period. The construction of the f‘irst model which is shown schematically in
Figure 18 vas simf{lar to that of the original in that it utilized a 2-in. hairs

pin loop for the primary and a l-in. loop for the secondary. 28e 1o0ps, how-

ever, were made physically wider in order to aid in reducing the cross coupling

DP81-01043R00230008000
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effects that vere oboerved in the first model. A Faraday shicld between the
two loops vas &L8O utilized to prevent capacitive croos coupling. A Western

Electric 41TA tube which has a ratcd transconductance of 25,000 micromhos was

used in the grounded grid saplifier. Crystal controlled oscillations could be

obtalined throughout the 200~ to BOO-mc/ncc frequency range of the tuned circuit

provided the Ca of esch crystal used wap individually neutralized.

ERIE NPO
[ 1.5 Tupd
WE L17A

T
/l
CV

470 2 50upfd 1=12up8d

Pz 2
6.3V a0
|

Figure 18. Capscitance Pridge Oscillator.

In order to determine qulimt.ively the sensitivity of the oscillator to
the reeonant characteristics of 8 bridge-crystal combination, 8 shunt resistance
of 30 chms was placed across the crystal. This resistor ia effect simulated

the degrading preperty that vou. & be exhibited by the Coaxial Crystal Parameter
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Bridge. Under this condition crystal controlled oscillations could still be
obtained throughout the 200~ to }OO-mc/aec frequency range.

In its present form two proctical consideraiions prevent & further analysis
of this circuit vhen used with the Conxinl Cryustal Parameter Bridge. The st
16 the tuning capacitor Cl vhooe 4 turn of pd)ustment for the entire 200- to
300-me/oec range mokes turing very difficult. The second is the physical ar-
rangement which 15 such that the coaxial bridge cannot be conviently connected
in the circuit. It is contemplated that additional models will be constructed
which will eliminate these two aifficulties and permit a more complete analysis
of the circuit to be made.

A cecond experimental model of this same bssic configuration was constract-
ed which utilized & modified Msllary UHF inductuner (shorted iine) tunable from
spp: oximately 350- to h}o-nc/sec. The modification consisted of placing two
mirror image lines back to back in A manper such that outusl coupling cculd e
obtained and such that both lines ceculd be adjusted simul taneously. A conper
foil Faraday shield was inserted between the lines and the osciilstor cozpon-
ents were mounted directly on the inductuner frame. The schematic diagraa is
essentially that of Figure 18 except a type GAND tube was utilized and the tun-
ing capacitor Cl was eliminated. Crystal controlled-oscillations were obtsined _
at frequencies 8s high as 420 mc/sec with this oscillator. Cq neutralization
could be accomplished in most ceces slthough the cepacity required was con-
siderably less than expected. Several crystals vere tried with this oscil-
later and satisfactory operation was obtained in the majority of the cases. In
particular the crystals of Table V were oscillatea 8t the Trequencies and over-

tones indicated. Complete Co cancellation could not be obtained with Crystal

e o e 1
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effects that vere observed in the first model. A Faradey ghield between the

two loops was also utilized to prevent capecitive cross coupling. A Western

Flectrie L1TA tube which has a rated transconductance of 25,000 micromhos was

used in the grounded grid anmplifier. Crystal controlled oscillations could be

obtained throughout the 200- to 300-m<:/ sec frequency range of the tuned circuit

provided the C° of each crystal used was individuslly neutralized.

ERIE NPO
1.5 - Tuptd

WE L17A

Figure 18. Capacitance Bridge Oscillator.
In order to determine qualitatively the sensitivity of the oscillator to

the resonant characteristics of & bridge-crystal combination, & shunt resistance

of 30 ohms vui placed across the crystal. This resistor in effect sinulated

the degrading prcperty that wow. & be exhibited by the Coaxlal Crystal Parsmeter
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Bridge. Under this condition crystal controlled oscillations could still be
obtained throughout the 200- to joo-mc/nec fregquency range.

In its present form two practical consicerations prevent & further analysis
of this circuit wher used with the Coaxial Crystsl Parameter Bridge. The Tirst
1s the tuning capacitor Cl vhose % turn of sdjustment for the entire 200- to
300-me/sec range makes tuning very ddfficult. The second is the physical sr-
rangement which is such that the coaxial bridge cannot be conviently connected
in the circuit. It is contemplated that additional models will be constructed
which will eliminate these two difficulties and permit a more complete analysis
of the circuit to be made.

A cecond exper imental modei of this same basic conglg\u'ation vas construct-
ed which utilized a modified Msllary UHF inductuner (shorted line) tunable from
app: oximately 350- to h}o—mc/sec.g The modification consisted of placing two
mirror image lines back to back in a manner such that nutua{ coupling could be
obtained and such that both lines could be adjusted simultaneously. A sorper
foil Faradsy shield was inserted between the lines and the oscillator compon-
ents were mounted directly on the inductuner frame. The schamatic diagraa is
essentially that of Figure 18 except & type GANM tube vas utilized and “the tun-
ing capacitor Cl was elminsied, Crystal controlled-oscillations were obtuined |
at frequencies as high as 420 mc/sec with this oscillator. C, neutralization
could bLe accomplished in most cates although the capacity required was con-
sidersbly less than expected. Several crystals vere tried with this oscil-
rater and satisfactory operation was obtained in the majority of the cases, In
particular the crystals of Table V were oscillatea nt"tﬁ‘h—tquenclel and over-

tones indicated. Complete Co cancellation could not be obtained with Crystal
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No. 1-3 at 353 mc/sec but lock-in oscillations were obtained. Co cancellation
was complete, however, from slightly above 255 me/sec to well beyond the next
overtone oscillation of this particular eryoixl vhich ocourred at 400 me/sec.
Although very 1ittle is known at f.he present time regarding the frequency ¢ 8-
trolling properties cf crystals 8t these cvartc_nea,- 1t is of interest to note
the position of these particular crystel respouses on the ‘Snlth charts presented
in the appendix. ’ The proximity of these responscs tc the higher conductance
portion of real axis appears to ‘e significant and indicates the need of further

investigation.

TAELE ¥

CRYSTALS OPERATEL I CAPACITIVE ERIIGE OSCILLATOR

Oscillating
. . Frequenc
Crystsi No. __E%}‘ﬁ%l. 7;‘:_7,“_‘51--
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e - - -
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VI. CONCLUSIONS

Calibration data and actual crystal measurement data indicate ‘that the
best mccurscy presently obtainable with the Crystal Measurcments Standard is
about 5 perceni for impedance magnjtude and * L degrees for phase nn'gle. This
18 obtained by using & General Radio Type 1602-B Admitiance Meter with a hulf-
wavelength transmission line between the meter and the crystal. This accuracy
18 possible only under ideal conditicns and only for cert;in crystals. The
accuracy is limited principally by the accuracy of the Admittance Meter. Be-
cause of the poor condition of the available Admittance Meter, a nevw instrumsnt
_would probably give a considerable improvement ‘in accuracy.

Investigaticns concerning the presently used crystal equivalent electrical
circuit indicated that the circuit does not satisfactorily represent all crystals
at high frequencies. In p&rticula;-. ‘the need for a capacitance, Co', directly

across the pin of the crystal halder is indicated. This study did not progress

sufficiently to assert definite conclusions concerning the other elements cf

the equivalent circuit.

Numerous measurements on actual high fregquency crystals resulted in close
frequency agreement between the Crystal Measurements Standard, the Coaxial

Crystal Parameter Bridge and other measurement methods. Measurements of equiva-

lent resonant resistance did not provide the agreement anticipated. Disagree-
.

ments in both frequency and resistance can pessibly be accounted for by the

lack of standardization of the method of cancclling C0 with different measure-

ment systems. Sugh standardization is prectical only by first Zrriving at a

satisfactory equivalent circuit.

r 2013/10/31 : CIA-RDP81-01043R002300080001-3
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A comparison with other power menourements indicated the prototype ther-

mictor-bridge pover meter to be cupable of menpuring ref pover in the range

from 0.5 mv to h,0 mw with an accursay of M 5 percent, Detter matching of tie

two thermiwtors and improvement in the bonding between the thermintor ond disai-
pating bocy should permit lower yalues of r-f power 1o bc measurcd with the de-
sired socurscy.

An experimental capacitance vbridge oscillator was constructed that demon=
strated on sbility to maintsin crystal controlled oscillations under conditions
similar to those imposed by tke Ccaxinl Crystal Parameter Rridge. A mnaific
physical arrangement which will accept the ccaxial bridge will be required in
order to fully determine the cepabilitics of this configurstica. Crystal con-
trolled oscillations were obtsined with a pimilar configuration at frequencies
as high as 420 mc/sec. The present inadequate knowledge of the frequency con-
trolling properties of crystals at these overtones reveals the need for further

investipation of the results cbtained.

Ve it 2 @
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VII. DIHOGHAM FOR NEXT QUARTER

Work during the next qusrter will be & continuntion of that reported in
the preceding pnges with cmphasis on the following objectivest

1. porform additional teots of the prototype cryutal pover measuring sys-
tem Lo determine its accuracy)

2. continue the investigation of oscillutor circuits for use with the
Cosxial Cryctal Paramcter Rridge}

3. procure and cvaluate new GR sdmittance meters and WP UHF bridges for
use in the Crystal Mcasurcments Standard; and

4. investigate additional commercisl equipment for use in the Crystal

Messurcments Standard.

Submitted by:

J,A . et

Douglas K. Robertsen

Approved by: Project Director

ORI
W. B!@Uriglm

Communications Branch
of the
Physical Sciences Division
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VIII. PERSONNEL
Blographiral sketches of the key technical personnel were included in
Progress Reports No. 1 and 2. The time contributed by cach during the present
period is:
Douglas W, Robertson ProJect Director
Samuel N. Witt, Jr. Research Engineer
William R. Free Asst, Research Engineer

James B, Lane - Technical A~sistant
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A._Addendum

Figure 15, page 33 of Prcgress Repart Ko. 3, has been fourd to be in er-
ror. The scale on the Rllﬂa Ratio {zbscissa) was inadvertently shifted two
grid aivisions, The first grid line should be labeled 0.5 rather than 0, the
third iine should de 1.0 instead of 0.5, 1.0 should be 1.5, ete. With the
corrected scale, the K fazctor obtained for an &.L/RZ ratio of 1 is .&75
{actusl point) which corresponds very closely with the power ratios of Tables
I and II {first bondjag condftion) of that report.

B. Admittence Characteristics of Measured Crystals

This section contains 15 figures. Refer to psge v,.LIST OF APPENDIX

FIGURES, for a listing of the crystals that vere measured.

1043R002300080001-3
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\ Figure A-2. Admittunce Characteristics of Crystal No. Fa-59.
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Figure A-1. Admittance Characteristics of Cryatal Fo. Fa-5T.
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Figure A-4. Admittance Characteristics of crystal Ko. Fa-91.
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Flgure A-5. Admittance Characcleristics of Crystal No. Fu.92, . -
Figure A-G. Admittance Characteristics of Crystal ho. Fa-103.
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Figure A-b.
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Admittance Characteristics of Crystal No, Fa-10k.
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Figure A-T.
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Admittance Characteristics of Crystsl No.

Figure A-10.

Admittance Characteristics of Crystal No. Fa-116.

Figure A-9Q.
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Figure A-1l. Admittance Characteristics or Crystal Wo. Fa-118. Figure A-12, Admittance Characteristics of Crystel No. Fa-82.
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Admittance Characteristies of ¢rystal No. Fu-83.

Figure A-1k. Admlttnnee “huracteriziler of Crysta. No. Fa-bo,
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Figure A-15. Admittance Characteristics of Crystal No. Fa-44.
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